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Quantum Chromo Dynamics

Phase Diagram, Observables
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Quark-Meson Model

Chiral Symmetry
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Quark-Meson Model

2PI Quantum Effective Action
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Quark-Meson Model

Thermodynamic Properties, Effective Potential



7

Quark-Meson Model

Thermodynamic Properties, Order Parameter
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Quark-Meson Model

Thermodynamic Properties, Effective Mass
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Quark-Meson Model

Evolution Equations
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Quark-Meson Model

Evolution Equations, Dissipation/Memory Kernel
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Quark-Meson Model

Evolution Equations, Expanding Geometry
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Dynamical Evolution

Initial Conditions
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Dynamical Evolution

Initial Conditions
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study of cumulants

in different momentum

regions during

dynamical evolution

Dynamical Evolution

Initial Conditions
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Dynamical Evolution

Phase Diagram
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Dynamical Evolution

Effective Chemical Potential, Net Quark Density, Effective Mass
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Dynamical Evolution

Effective Chemical Potential, Net Quark Density, Effective Mass
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Dynamical Evolution

Effective Chemical Potential, Net Quark Density, Effective Mass
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Dynamical Evolution

Time Evolution of Cumulant Ratios
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Dynamical Evolution

Time Evolution of Cumulant Ratios



evolution equations with memory effects and expansion

• different ensembles with fluctuative initial conditions

for the net quark number

• passing through the chiral phase transition leads to

non-trivial fluctuations in momentum bins

• clear differences between crossover and 1st/2nd 

order during a dynamical expansion

• differences between 1st and 2nd order depend

strongly on the expansion velocity and momentum

range

• fluctuations can survive the full evolution process
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Cumulant Ratios from FRG



Quantum Chromo Dynamics

Phase Diagram, Observables



Backup

Initialization Error for Cumulants



Backup

Net Quark Number Conservation



Backup

Evolution von Kumulanten für Typ I 


